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FLEXIBLE PROCESSING MODULE FOR USE
IN ORDER FULFILLMENT CENTERS

This application claims benefit of priority to U.S. Provi-
sional Patent Application No. 61/502,790, filed Jun. 29,2011.
The preceding provisional application is incorporated herein
by reference in its entirety. To the extent that material in the
Provisional Application conflicts with material expressly set
forth herein, the material expressly set forth herein controls.

BACKGROUND

In a distribution system, a retailer or other product distribu-
tor (which may collectively be referred to as distributors)
typically maintains an inventory of various items at one or
more distribution centers, fulfillment centers, cross-docking
facilities, materials handling facilities or warchouses (which
may collectively be referred to as materials handling facili-
ties). The inventory items are ordered from one or more
vendors, received at the materials handling facilities as
inbound shipments, and stocked in inventory of the materials
handling facilities. In a conventional order fulfillment pro-
cess, orders for items may be received from customers of the
distributor. Units of the ordered items are picked from various
locations in the inventory in the materials handling facilities,
processed for shipping, and shipped as outbound shipments to
the customers.

The facilities operated by the merchant may include vari-
ous fulfillment processes for fulfilling orders submitted by
customers. These processes may operate on items to perform
various tasks, such as preparing items for shipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a logical representation of various operations
of a materials handling facility, according to some embodi-
ments of the present disclosure.

FIG. 2 illustrates an example of a high-level physical lay-
out of a materials handling facility, according to some of the
present embodiments.

FIG. 3 depicts an example of a control system that may be
employed in some embodiments.

FIG. 4 illustrates an exemplary physical layout of a mate-
rials handling facility, according to one of the present
embodiments.

FIG. 5 illustrates operation of an exemplary sorting station
that may be used in processing modules of some of the present
embodiments.

FIG. 6 is a flowchart illustrating a method of operation of
one of the present embodiments.

FIG. 7 is a flowchart illustrating various aspects of one
present embodiment.

FIG. 8 is a block diagram illustrating an example computer
system that may be used in at least some embodiments of the
present modular material handling system.

FIG. 9 illustrates an exemplary layout that may be used in
various processing modules in some of the present embodi-
ments.

FIG. 10 is a flowchart illustrating a method of operation
according to one of the present embodiments.

FIG. 11 depicts an exemplary layout of portions of a pre-
shipment package processing module, according to some of
the present embodiments.

FIG. 12 is a flowchart illustrating a method of operation
according to one of the present embodiments.
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FIG. 13 is a flowchart illustrating a method of operation for
application of shipping labels to packaged units, according to
one of the present embodiments.

Specific embodiments are shown by way of example in the
drawings and will be described herein in detail. It should be
understood, however, that the drawings and detailed descrip-
tion are not intended to limit the claims to the particular
embodiments disclosed, even where only a single embodi-
ment is described with respect to a particular feature. On the
contrary, the intent is to cover all modifications, equivalents
and alternatives falling within the spirit and scope of the
present invention as defined by the appended claims.
Examples of features provided in the disclosure are intended
to be illustrative rather than restrictive unless stated other-
wise.

The headings used herein are for organizational purposes
only and are not meant to be used to limit the scope of the
description. As used throughout this application, the word
“may” is used in a permissive sense (i.e., meaning having the
potential to), rather than the mandatory sense (i.e., meaning
must). The words “include,” “including,” and “includes™ indi-
cate open-ended relationships and therefore mean including,
but not limited to. Similarly, the words “have,” “having,” and
“has” also indicate open-ended relationships, and thus mean
having, but not limited to. The terms “first,” “second,” “third,”
and so forth as used herein are used as labels for nouns that
they precede, and do not imply any type of ordering (e.g.,
spatial, temporal, logical, etc.) unless such an ordering is
otherwise explicitly indicated.

Various components may be described as “configured to”
perform a task or tasks. In such contexts, “configured to” is a
broad recitation generally meaning “having structure that”
performs the task or tasks during operation. As such, the
component can be configured to perform the task even when
the component is not currently performing that task (e.g., a
router module may be configured to receive inventory items,
even when the items are not currently being received; a pack-
aging station may be configured to produce a packaged unit,
even when certain aspects of activities required in producing
the packaged unit are not actively being performed). In some
contexts, “configured to” may be a broad recitation of struc-
ture generally meaning “having circuitry that” performs the
task or tasks during operation. As such, the component can be
configured to perform the task even when the component is
not currently on. In general, the circuitry that forms the struc-
ture corresponding to “configured to” may include hardware
circuits.

Various components may be described as performing a task
ortasks, for convenience in the description. Such descriptions
should be interpreted as including the phrase “configured to.”
Reciting a component that is configured to perform one or
more tasks is expressly intended not to invoke 35 U.S.C.
§112, paragraph six, interpretation for that component.

DETAILED DESCRIPTION OF EMBODIMENTS

Various embodiments of methods and apparatus for mate-
rial handling in an order fulfillment center, using a modular
material handling system are described. In some of the
described embodiments, an order fulfillment system includes
inventory storage, a processing area, and a control system.
The inventory storage may in some instances include two
storage areas, and in some cases the processing area may be
disposed between the two storage areas.

In some embodiments, the processing area may include a
router module that is configured to receive inventory items
that have been picked from the inventory storage. In some
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cases, the inventory items may be received by the router
module via conveyance receptacles (e.g., totes, bins) that are
conveyed using a conveyor mechanism, where the convey-
ance receptacles are not fixed to the conveyor mechanism.
The processing area may also include a plurality of process-
ing modules that may be configured to receive inventory
items from the router module. In some instances, the process-
ing modules may receive the inventory items via conveyance
receptacles that are conveyed using the conveyor mechanism.
In some cases, the processing area may also include a ship-
ping module that is configured to receive packaged inventory
items from various ones of the processing modules.

Some of the present embodiments include one or more
flexible, modular processing modules that may be configured
to receive one or more inventory items that are to be processed
for shipment. The received inventory items may correspond
to single-item customer orders, or to multi-item customer
orders. A pre-packaging station of the processing module
may be configured to receive the one or more inventory items
and to perform pre-packaging operations to produce a pre-
packaged unit. The pre-packaging operations may in some
cases include disposing (e.g., placing, fixing, securing) the
one or more inventory items onto a pre-packaging substrate or
carrier (e.g., a flat sheet, a tray having retaining features, or
other packaging fixture). The pre-packaged unit may include
the one or more inventory items and the pre-packaging sub-
strate. The processing module may also include an inspection
station configured to receive the pre-packaged unit from the
pre-packaging station, and to perform inspection operations.
The inspection operations may include automatically verify-
ing one or more dimensions of the pre-packaged unit. The
processing module may further include a packaging station
configured to receive the pre-packaged unit from the inspec-
tion station, and also to perform packaging operations to
produce a packaged unit. The packaging operations may in
some cases include automatically constructing outer packag-
ing around the pre-packaged unit. The packaged unit may
include the one or more inventory items, the pre-packaging
substrate, and the outer packaging. The flexible, modular
processing module may be configured to produce various
packaged units conforming to a particular size. The various
packaged units may include both the particular packaged unit
described above, and at least one other packaged unit that
includes a different item from the one or more inventory items
of the above-described packaged unit. The processing mod-
ule may also facilitate conveyance of the various packaged
units to one or more shipping modules.

Some of the present embodiments may include a pre-ship-
ment package preparation module that receives packaged
units, and performs further operations to facilitate shipment.
In some cases, this preparation module may be a part of a
flexible, modular processing module that also performs the
packaging steps required to produce the packaging units, as
discussed above. In other embodiments, the preparation mod-
ule may be part of a shipping module that may receive pack-
aging units. In some embodiments, the preparation module
may be a stand-alone module. The pre-shipment package
preparation module may in some cases include an alignment
section configured to orient received packaged units, a pack-
age verification section configured to verify one or more
physical parameters of the packaged units, a labeling section
configured to automatically apply shipping labels to each
packaged unit while the packaged units travel at a constant
velocity from the packaging verification section and through
the labeling section (e.g., applying labeling without need to
stop or slow travel of the packaged units through the system).
Some embodiments include a preparation module having a
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routing section that is configured to route each packaged unit
to a corresponding shipping path that is selected based on
information (e.g., packaged height, customer order informa-
tion) associated with the given packaged unit.

Some embodiments of the present disclosure further
include a control system that is operable to cause a particular
inventory item to be picked from the inventory storage and to
be routed (e.g., via the conveyor mechanism) to the router
module of the processing area. Various embodiments include
a control system that is further operable to cause the router
module to route the particular inventory item to a selected
processing module that may perform packaging operations
for the particular inventory item. The selected processing
module may in some cases be selected based at least in part on
the received customer order. For example, a certain process-
ing module may be required if the particular inventory item
was part of a multi-item customer order, as opposed to a
single-item customer order.

Various embodiments may include a control system that is
operable to determine one or more inventory storage zones
for storing a replenishment supply of an inventory item.
These inventory storage zones may be determined based at
least in part on various optimization criteria (e.g., throughput,
cost, storage density). In some cases, pick-to-ship time is
minimized. In some cases, receive-to-stow time is mini-
mized.

The various operations of a materials handling facility may
be located in one building, or alternatively may be spread or
subdivided across two or more buildings. In addition, a mate-
rials handling facility may include one or multiple levels or
floors. For example, a materials handling facility that includes
inventory 30 may include one, two, or more levels; in multi-
level facilities, inventory 30 may be spread across two or
more levels. The total floor space of a materials handling
facility may be anywhere from tens of thousands of square
feet to more than a million square feet, although embodiments
may be implemented in smaller facilities.

FIG. 1 illustrates a logical representation or view of the
operation of a materials handling facility in which embodi-
ments of the modular material handling system may be imple-
mented. For example, this figure may illustrate an order ful-
fillment center of a product distributor. Multiple customers 10
may submit orders 20 to the product distributor, where each
order 20 specifies one or more items from inventory 30 to be
shipped to the customer that submitted the order. To fulfill the
customer orders 20, the one or more items specified in each
order may be retrieved, or picked, from inventory 30 (which
may also be referred to as stock storage) in the materials
handling facility, as indicated at 40. Picked items may be
delivered or conveyed, if necessary, to one or more stations in
the materials handling facility for sorting 56 into their respec-
tive orders, packing 60, and finally shipping 70 to the cus-
tomers 10. In some embodiments of the modular material
handling system, picked items may be delivered to a singu-
lation station, where individual units of items are associated
with and placed into particular conveyance receptacles,
which are then inducted into a conveyance mechanism. The
conveyance receptacles may then be routed to particular des-
tinations for the items contained within the receptacles in
accordance with the requests (orders) currently being pro-
cessed, e.g. to sorting stations, under direction of a control
system. A picked, packed and shipped order does not neces-
sarily include all of the items ordered by the customer; an
outgoing shipment to a customer may include only a subset of
the ordered items available to ship at one time from one
inventory-storing location. In some other embodiments,
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picked items may be delivered to particular destinations via
other means, such as automated guided vehicles, pallet jacks,
etc.

The picking process 40 as illustrated in FIG. 1 may be
implemented in two or more different inventory areas, for
example on different floors or in different areas of a materials
handling facility. Two or more separate stock storage areas
may be maintained and may be physically located on different
floors of a materials handling facility. For each separate stock
storage area, there may be one or more associated induction
stations. Types of items may be, but are not necessarily, stored
in different stock storage areas. For example, units of a given
type of item may be stowed to locations in storage units in
both inventory areas.

A materials handling facility may also include a receiving
80 operation for receiving shipments of stock from one or
more sources (e.g., vendors) and for placing the received
stock into stock storage. The receiving 80 operation may also
receive and process returned purchased or rented items or
orders from customers. At least some of these items are typi-
cally returned to inventory 30. The various operations of a
materials handling facility may be located in one building or
facility, or alternatively may be spread or subdivided across
two or more buildings or facilities. In various instances, it
should be understood that references to elements, units,
items, processes (or anything else) as being located within
materials handling facility 100 may easily be extended to
encompass elements, units, items, processes (or anything
else) proximate to but not physically located within materials
handling facility. For example, various elements, units, items,
or processes (or anything else) may be implemented outside
of the materials handling facility, according to some embodi-
ments.

FIG. 2 illustrates an example of a physical layout of a
materials handling facility, such as an order fulfillment facil-
ity or center, in which embodiments of the modular material
handling system may be implemented. At any one time, one
ormore agents 42 of the distributor may each be picking items
from inventory 30 to fulfill portions or all of one or more
requests or orders. This may result in a stream and/or batches
of picked items for multiple incomplete or complete orders,
which may then be delivered to an induction station (e.g., at
routing module 52 or elsewhere within processing area 50).
For example, in some instances, picked items in conveyance
receptacles (e.g., totes), each containing one or more units of
items (each possibly containing items from two or more
orders) may be conveyed to any of various inductions stations
that may be present, via a conveyance device (e.g., a conveyor
belt). In other embodiments, picked items may be conveyed
via other means. For example, large items may require trans-
port via pallet jacks or other larger form factors.

At an induction station, each item may be pulled individu-
ally from each conveyance receptacle. Alternatively, all items
may be “dumped” into a common receptacle (a bin, basket,
shelf, etc.), and individual units may then be pulled from the
common receptacle. In various embodiments, each pulled
unit is then placed into a conveyance receptacle (e.g., a tote or
tray) by itself. This process may be referred to as singulating
the item. Receptacles, as used herein, may include, but are not
limited to, any tote, basket, box, tray, or similar mechanism
configured to receive individual units of items or groups of
units of items in a materials handling facility. A conveyance
receptacle need not be fixed to any conveyance mechanism.

The pulled unit of an item may be associated with the
particular conveyance receptacle that it is placed in. In one
embodiment, the association of a unit of an item with a
particular conveyance receptacle may be performed by read-
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ing, scanning or otherwise entering an item identifier associ-
ated with the item and a conveyance receptacle identifier
associated with the particular conveyance receptacle into
which the unit is placed. The item identifier and receptacle
identifier may be communicated to a control system 190 of
the materials handling facility via wired and/or wireless com-
munications. Each conveyance receptacle may include a
unique conveyance receptacle identifier that uniquely identi-
fies the particular conveyance receptacle in the materials han-
dling facility. The conveyance receptacle identifier may, for
example, be indicated by a bar code, QR code, Radio Fre-
quency Identifier (RFID) device, or some other scannable or
readable mechanism, mark, or tag attached to or integrated
with the conveyance receptacle.

Each unit of each item carried in inventory 30 may include
an item identifier. A type of item held in inventory 30 may be
referred to herein as simply an item. The term item identifier
may refer to a unique identifier associated with each particu-
lar type of item carried in inventory 30 of a distribution
system. The term unit may be used to refer to one (unit) of a
type of item. Typically, but not necessarily, each unitis tagged
or otherwise marked with the item identifier. For example,
units or collections of items in inventory may be marked or
tagged with a bar code, Universal Product Code (UPC),
Stock-Keeping Unit (SKU) code, serial number, and/or other
designation (including proprietary designations) that may be
used as item identifiers to facilitate materials handling facility
operations, including, but not limited to, stowing, rebinning,
picking, sorting, packing and shipping. These designations,
or codes, may identify items by type, and/or may identify
individual units within a type of item.

Cases, boxes, bundles, or other collections of units of items
may similarly be marked or tagged with item identifiers. The
units of items in a collection may all be of the same type of
item, for example a case of twelve units of a particular item,
or may be a collection of one or more units of each of two or
more heterogeneous items. A collection of units of item(s)
(e.g., a case containing twelve units of an item, or a bundle
containing one or more units of each of two or more hetero-
geneous items, such as a boxed or bundled set of three differ-
ent books) may thus be considered or treated as a “unit” in the
order fulfillment process. A designation, or code, may thus
also identify a collection of units of item(s) as a “unit” in the
order fulfillment process. Thus, various, in addition to sorting
individual units of items, may also process collections of
units of item(s) designated as units. Therefore, the convey-
ance receptacles described herein may receive collections of
units of item(s) that are designated as units as well as indi-
vidual units of items.

A materials handling facility may include a control system
190 which may include, but is not limited to, one or more
computer systems, one or more data storage devices, one or
more wired and/or wireless networks, control system soft-
ware (programs, modules, drivers, user interfaces, etc.), and
one or more hand-held, mobile and/or fixed readers, scanners
or scanning devices that may be able to scan, receive, or
otherwise detect the marks or tags (e.g., bar codes, radio
frequency identification (RFID) tags, etc.) on individual
items (units) or collections of items (e.g., cases) and commu-
nicate with a control station or stations of the control system
to, for example, determine and record the item and/or item
type of the items. The hand-held, mobile and/or fixed readers,
scanners or scanning devices may also be able to scan,
receive, or otherwise detect the marks or tags (e.g., bar codes,
radio frequency identification (RFID) tags, etc.) attached to
or integrated with the conveyance receptacles. An exemplary
computer system that may be used in a control system 190 is
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illustrated in FIG. 8. An exemplary network topology that
may be used in control system 190 is shown in FIG. 3.

At the induction station, a pulled unit of an item may be
associated with a particular conveyance receptacle by read-
ing, scanning, etc. the item identifier associated with the item
and the conveyance receptacle identifier associated with the
conveyance receptacle into the control system 190. This may
be performed manually (e.g., by an operator or agent using a
hand-held scanner), via an automated scanning/reading pro-
cess using fixed scanners/readers, or by a combination of
manual and automatic scanning/reading. For example, an
operator at an induction station may use a hand-held scanner
to scan a code off the unit of the item before or during
placement of the unit into a “staged” conveyance receptacle,
while an automated reader may read (or may have already
read) the conveyance receptacle identifier from the new con-
veyance receptacle that is “staged” for the operator to place
the unit of the item into.

Once a pulled unit of an item is associated with and placed
into a particular conveyance receptacle, that conveyance
receptacle may be inducted into a conveyance mechanism
(e.g., a conveyor belt, roller system, or other conveyance
mechanism). In various embodiments, the conveyance
mechanism may include a mechanism that includes some
method of diverting a product off a conveyance path under
control of the control system. Examples of such diversion
mechanisms may include, but are not limited to, sliding shoe
sorter mechanisms and pop up diversion mechanisms, such as
pop up wheel sorter mechanisms. A pop up wheel sorter
includes powered wheels that rise up out of the conveyor to
divert product off the conveyor onto a different path or to a
location. Other types of mechanisms may be used in various
embodiments.

A conveyance receptacle may already be on the convey-
ance mechanism when the unit is associated with and placed
into the receptacle. Alternatively, a conveyance receptacle
may be retrieved from a conveyance receptacle storage, stack,
or other supply, the unit may be associated with and placed
into the receptacle, and the receptacle may then be inducted
into or placed on the conveyance mechanism. The convey-
ance receptacles need not be fixed to the conveyance mecha-
nism; instead, the receptacles may be removable bins, trays,
totes, or similar devices. The conveyance mechanism may be
coupled to and controlled by the materials handling facility
control system 190 via wired and/or wireless communica-
tions. The control system 190 may receive input from and
send commands to the conveyance mechanism to direct or
control various operations of the conveyance mechanism.

The above describes aspects of an induction station 210 in
which a human operator performs at least a portion of the
pulling of units of items from groups of picked items, scan-
ning/reading the items and receptacles to associate single
units of items to particular conveyance receptacles, and plac-
ing the units into the conveyance receptacles. In alternative
embodiments, some or all of the activities described as being
performed by a human operator may be performed by auto-
mated mechanisms, which may be coupled to and under
control of the materials handling facility control system 190.

The conveyance mechanism, under direction of control
system 190, may deliver the conveyance receptacles, each
including an individual unit of an item, to various order pro-
cessing modules 55. Various ones of the processing modules
55 (or elsewhere in processing area 50) may include one or
more sorting stations. Portions of an order may be received
from the agents 42, or from other stations, at a processing area
50 at diftferent times. Thus, processing at a station may haveto
wait for one or more items for some orders to be delivered to

10

15

20

25

30

35

40

45

50

55

60

65

8

the station from picking and/or from another station before
completion of processing of a multi-item order at the sorting
station.

The picked units of items that in some cases are delivered
to a processing area via the conveyance receptacles may be
processed at routing module 52. For example, routing module
52, under the direction of control system 190, may in some
embodiments sort the individual picked units in accordance
with their respective orders. In other embodiments, the picked
units may be sorted into their respective orders at one or more
of processing modules 55 under the direction of control sys-
tem 190. As discussed in greater detail below, various pro-
cessing modules 55 may provide differing types of packaging
operations that may be suitable for differing picked items
(e.g., based on the size of the item), or differing order category
(e.g., multi-item orders, single-item orders)

An order fulfillment center may also include one or more
receiving 80 operations for receiving shipments 90 of stock
from various vendors. The received stock may then be placed
into stock storage. The receiving 80 operation may also
receive and process returned, purchased, or rented items from
customers. The various operations and stations of an order
fulfillment center may be located in one building or facility, or
alternatively may be spread or subdivided across two or more
buildings or facilities.

Turning now to FIG. 3, one exemplary embodiment of
control system 190 is depicted. Control system 190 may in
some cases include a host warechouse management system
(Host WMS) in coordination with various localized control
system components, such as one or more warehouse control
systems (WCS), sensors, conveyor-specific controllers (e.g.,
programmable logic controllers), and other motion-control
components. For example, the Host WMS may in some
embodiments provide high-level instruction as to routing and
scheduling of items to particular modules of the system,
whereas the WCS may execute lower-level tasks related to
execution of the routing and scheduling the conveyance of the
inventory items in accordance with the routing dictated by the
Host WMS (e.g., messaging proper zones within the modular
material handling system). Other embodiments may include a
more centralized configuration in which a central host over-
sees most or all of the material handling functions, of alter-
nately a more distributed configuration in which most or all of
the material handling functions are handed off between area-
specific controller components.

Physical Layout of Modular Material Handling System

FIG. 4 presents greater detail of the physical layout of one
embodiment of the present disclosure. In the depicted
embodiment, processing area 420 is located between inven-
tory areas 410a and 4105, with router module 422 of process-
ing area 420 receiving/sending inventory items to/from each
of inventory areas 410a and 4105 via conveyor mechanisms.
By virtue of this layout, which includes multiple smaller
individual inventory areas distributed around the processing
area, the maximum distances that picked inventory items
must travel (e.g., from the farthest end of an inventory area to
the router module of the processing area) are lower than
distances that may be encountered in configurations having a
single equivalent, larger inventory area (e.g., an inventory
area having a volume equal to the combined volume of inven-
tory areas 410a and 4105) located adjacent to the processing
area. Accordingly, pick-to-ship times may be minimized by
use of this physical layout. Other embodiments may provide
similar benefits by use of more than two inventory areas
disposed around a processing area. In some embodiments,
multiple inventory areas may be located adjacent to various
sides of processing area 420 in an asymmetric layout.
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The physical layout of fulfillment center 400 depicted in
FIG. 4 may further improve inventory item throughput by
virtue of the availability of additional conveyance paths
between processing area 420 and the two inventory areas
410q and 4105. For example, twice as many conveyor lines of
a minimal length [ between the two inventory areas and
router module 422 may be possible in the embodiment of
FIG. 4, as compared to an embodiment in which only a single
inventory area is employed on one side of router module 422.
In some embodiments, control system 190 may maximize
material throughput by exploiting the availability of addi-
tional conveyance paths. For example, a high demand item
may be stored in both inventory area 410a and in the oppo-
sitely disposed inventory area 4104 to take advantage of the
availability of a maximum number of conveyance mecha-
nisms. In such a way, it may be possible to double the through-
put of extremely high demand items.

The factory layout may provide additional opportunities
for efficiency improvement, based on a more centralized dis-
tribution of personnel that may be achieved by the central
location of processing arca 420. For example, the greater
concentration of operators due to centrally located processing
area 420 may provide for more efficient management of those
operators (e.g., via lower ratios manager to operator ratios).

Embodiments of fulfillment center 400 may include con-
trol system 190 that is configured to dynamically adjust
inventory placement strategies as demands change. For
example, it may initially be beneficial to store inventory of a
particular low demand product at inventory area zones that
are relatively distant from router module 422. Such an
arrangement may allow higher demand items to be stored at
inventory locations that are nearer router module 422. This
may be desirable because an item at storage zone 412a will
have a longer pick-to-ship time than an item picked at storage
zone 412¢). It may also be desirable for simplicity reasons to
store the particular low demand product together at one par-
ticular storage zone 412 within inventory area 410.

Now consider a scenario in which demand increases dra-
matically for the above-discussed item. It may be beneficial to
relocate the suddenly high-demand product to a more desir-
able area of the inventory areas (e.g., storage zone 412¢). If
demand is exceptionally high, it may also be desirable to
relocate the high demand product across multiple storage
zones 412, in order to avoid possible backlog at conveyance
mechanisms (e.g., due to excessive conveyance receptacles/
totes overwhelming a particular conveyor line) and/or at a
picking module. In such a case, relocating the high demand
product to multiple storage zones (e.g., storage zones 412¢
and 412f'of inventory area 4104, as well as additional zones in
inventory area 4105) may eliminate the sources of backlog.
Inventory items may be relocated within the inventory areas
by use of, for example, bypass lines 414a and 4145, which
route materials through router module 422.

Continuing with FIG. 4, router module 422 serves as the
interface between inventory areas 410 and the various pro-
cessing modules 426. As discussed above, router module 422
receives conveyed inventory items from pick modules within
inventory areas 410. In some embodiments, the inventory
items are received via conveyance receptacles (e.g., standard-
ized totes) that are transported via conveyance mechanisms
(e.g., conveyor lines). The conveyance receptacles may notbe
fixed to the conveyance mechanism in various embodiments.
In some cases, other methods for conveying the inventory
items are employed (e.g., various robotic form factors, auto-
mated guided vehicles). Control system 190 may govern the
conveyance of the inventory items (e.g., via the a Host WMS
and a supporting WCS) to router module 422, and the subse-
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quent routing of inventory items to processing modules 426.
Various identifying methods (e.g., RFID tags, barcode scan-
ner, QR scanners located, for example, on the conveyance
receptacles) may be employed to track the movement of the
inventory items).

In some embodiments, router module 422 provides one or
more standardized interfaces (e.g., physical conveyer inter-
face, data interface, power interface) to various processing
modules 426 that are coupled to router module 422 forreceiv-
ing inventory items. These standardized interfaces may be
expandable to accommodate varying numbers of processing
modules 426. In this way, router module 422 may support
flexible configuration of the type and number of processing
modules 426 employed in a fulfillment center.

Various embodiments of router module 422 pass along
received conveyance receptacles. In other cases, router mod-
ule 422 may perform some redistribution (e.g., re-toting) of
inventory items prior to conveying materials to one or more
processing modules 426.

FIG. 7 presents a flowchart illustrating a method of opera-
tion in a modular material handling system that may be used
to optimize inventory storage strategies. Such strategies may
provide, for example, reduced receive-to-stow time and/or
reduced pick-to-ship time. At 702, inventory storage loca-
tions (zones) within one or more inventory storage areas of a
fulfillment center are determined. In some embodiments, this
determination is based on minimizing distances that the item
must be conveyed in order to stow or to subsequently pick and
process the item. In some cases, the determination may esti-
mate effects of the storage density of the particular item, or
the storage density as to all items in the vicinity of the various
storage zones. Storage densities may be meaningful because
high storage density of high-demand items may increase
probabilities that heavy pick activity or heavy stow activity
within a localized area (e.g., the storage zone) may create
bottlenecks.

Processing Modules

Various processing modules 426 provide configurable
functionality that may include processing and packaging
inventory items and customer orders of various types. For
example, FIG. 4 depicts a configuration of processing area
420 that includes three multi-item material handling system
modules 4264, four flex-pack modules 4265, three auto-box
modules 426¢, and two gift-wrap modules 4264. These mod-
ules are configured in a modular manner to interface with
router module 422 and shipping module 424.

Multi-item material handling system modules 426a may
provide capabilities for handling inventory items that are
received in conveyance receptacles containing, for example,
multiple inventory items corresponding to multiple customer
orders. These inventory items may also correspond to cus-
tomers orders containing multiple inventory items. FIG. 5§
illustrates operation of an exemplary sorting station that may
be used for assembling these multi-item orders in embodi-
ments of multi-item material handling system modules 426a,
or in other processing modules 426 or router module 422 in
some embodiments. Initially, conveyance receptacles con-
taining multiple items are divided to single item conveyance
receptacles 104. Once the conveyance receptacles 104, each
containing an individual unit 108 of an item and each associ-
ated with the item it contains, are inducted into the convey-
ance mechanism 200, at least some of the receptacles 104
may be conveyed to sorting station 152. In one embodiment,
the conveyance mechanism may be directed by the control
system 190 as to the disposition of each particular conveyance
receptacle 104. Each conveyance receptacle 104 may be asso-
ciated with the particular item it contains. Thus, the control
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system 190 may, by tracking a particular conveyance recep-
tacle 104 via its unique conveyance receptacle identifier 106,
direct the conveyance mechanism to route the particular con-
veyance receptacle 104 and its associated unit 108 of the item
to sorting station 152.

There may be one or more order processing stations 155
associated with sorting station 152. In this example, an order
processing station 155 is located on the other side of order
sorting bin 154. Order processing station 155 may, for
example, be a packing station at which one or more units 108
of items for an order are processed, packed, and labeled for
shipping to the customer. The order slots 156 may be pass-
through slots into one side of which units 108 of items may be
placed, and out of which individual or collections of units 108
of'items may be removed for processing. In one embodiment,
units 108 of items may be removed from conveyance recep-
tacles 104 and placed into a particular slot (e.g., item 108 is
illustrated as being placed into slot (3, 2)) as indicated by the
control system 190, for example by the control system 190
activating an indicator 158 associated with the slot 156 into
which the unit 108 is to be placed to indicate to the operator
that the unit 108 from the current receptacle 104 is to be
placed into that slot 156. Sorting bin 154 may also include
indicators associated with the slots 156 on the order process-
ing station 155 side which control system 190 may activate to
indicate to operators at the order processing station 155 that a
particular slot 156 is ready to be processed (e.g., that all units
108 of all items for an order have been placed into that slot).
In this example, control system has indicated to operator(s) at
order processing station 155 that an order 160 in slot (2, 1) has
been completed. An operator may then pull the order 160
from the slot 156 for further processing (e.g., shipping).

Continuing with FIG. 4, flex-pack modules 4265 may pro-
vide functionality for processing items that are inappropriate
for other processing modules 426 due to, for example, size
and/or weight ofthe items. In some embodiments, an operator
may remove a tote from the conveyor and places it on a work
shelf to perform manual operations. Carts may be utilized to
assist in processing large items.

Auto-box modules 426¢ may provide for automated pack-
aging of items conforming to certain particular dimensional
constraints. In some cases, applicability of auto-box modules
426 may be limited to packaging of single-item orders. Other
embodiment include auto-box modules 426 that may provide
automated packaging of multi-item orders. As discussed in
greater detail below with regard to FIGS. 9 and 10, some
embodiments of auto-box modules may provide for auto-
mated, high throughput continuous flow processing of both
single-item and multi-item orders.

Gift-wrap modules 4264 may facilitate gift wrap of pack-
ages corresponding to customer orders requesting gift wrap-
ping. In some embodiments, personnel may perform the
required packaging as directed by the control system 190.
However, in some embodiments automated wrapping of
packaging conforming to particular dimensional constraints,
similar to the auto-box modules 426¢, may be performed.

Continuing with FIG. 4, receiving modules 430 may be
arranged in some embodiments to minimize receive-to-stow
time. For example, multiple receiving modules 430 may be
implemented to optimally correspond to the various inven-
tory areas 410. These receiving modules may convey replen-
ishment supply to replenishment sorter 440, that may serve to
optimize storage of items (e.g., under control of control sys-
tem 190) based on various criteria, such as minimization of
pick and/or stow times.

In various embodiments, shipping module 424 may pro-
vide for sorting and/or routing of processed inventory items
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(e.g., packaged items) based on factors such as, for example,
packagetype (e.g., flat packages, large crates, standard boxes,
expedited delivery, cross-shipment of items to other fulfill-
ment centers), and, in some cases, for further processing that
may be required prior to shipment (e.g., verification of label-
ing). Some embodiments may include shipping modules 424
having various discrete modules that respectively correspond
to one or more particular package types. As one example
configuration, shipping modules 424 depicted in FIG. 4 may
include flat package module 4244 for sortation of flat pack-
ages, carton module 4245 for sortation of standard cartons,
and special handling module 424c¢ for sortation of items that
may require custom handling (e.g., large items, items corre-
sponding to expedited orders). In some other embodiments, a
single shipping module 424 may be used for shipments of all
package types processed by processing modules 426.

Shipping module 424 may include one or more standard-
ized interfaces (e.g., physical conveyer interface, data inter-
face, power interface) to various processing modules 426 that
deliver processed inventory items to shipping module 424.
These standardized interfaces may be expandable to accom-
modate configurations having varying numbers of processing
modules 426. In this way, shipping module 424 may support
flexible configuration of the type and number of processing
modules 426 employed in a fulfillment center.

Various embodiment of the present disclosure may be con-
figured to receive and process items from other fulfillment
centers. As one example, a particular fulfillment center may
receive cross-shipped items from one or more other fulfill-
ment center to replenish stock of the particular fulfillment
center. As another example, cross-shipped items may be
received by the particular fulfillment center in order to com-
plete an order that is processed at the particular fulfillment
center (e.g., packaged as part of a multi-item order, packaged
as a single-item order). In such cases, a cross-shipped item
may be received and appropriately routed via, for example,
one or more of a storage area, a routing module, a processing
module, a shipping module, etc.

In some embodiments, the conveyance mechanisms may
be configured to convey received items to a storage area for
inventory replenishment purposes, deliver picked items from
a storage area to the processing area for order processing, and
for transporting empty conveyance receptacles to areas of
need. For example, a particular conveyance mechanism, such
as a conveyor, may be employed to perform each of the
above-mentioned tasks of transporting items for storage and
for processing, as well as transporting empty receptacles for
from, for example, the packaging or shipping modules to the
receiving module or inventory areas for further use.

FIG. 6 is a flowchart illustrating a method of operation in a
modular material handling system for use in a fulfillment
center, according to one embodiment. This flowchart illus-
trates how the various components described herein, such as
a controller system, routing module, processing module,
shipping module, inventory area, processing area, and pro-
cessing modules, for example, may be integrated to form a
modular material handling system for use a fulfillment center.
The method as illustrated in FIG. 6 may be performed as a
continuous or near-continuous process by modular material
handling system to process incoming items for replenish-
ment, or to process items picked from storage to fulfill cus-
tomer orders.

At 602, an inventory item (e.g., inventory replenishment)
may be transported from an inventory receiving area to a
storage area of the fulfillment center. Transportation may be
by way of a non-linear conveyor system (e.g., conveyance
totes are not fixed to a conveyor, and therefore items need not
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be linearly delivered). In other embodiments, transportation
may involve automated guided vehicles, robotics, manual
transfer, etc. At 604, the item may be stored at the storage area
(e.g., placed in inventory).

At 606, the inventory item may be picked from the storage
area in response to a received order. For example, based on a
customer’s order for a particular item, that item may be
picked from inventory. The picking may be performed using
a computer system, and may also in some cases involve vari-
ous automated picking systems. The picking process may be
performed using a computer system that may, in some
embodiments, optimize material throughput through meth-
ods that result in mixed groupings of items (e.g., items cor-
responding to different orders being grouped together).

At 608, the picked inventory item may be routed to one or
more processing modules with the fulfillment center. The
routing may be accomplished by way of the controller system
and a routing module that may provide a standard interface to
various processing modules. At 610, the picked inventory
item may be processed using, for example, one or more
modular processing modules that interface to the routing
module and a shipping module. In some embodiments, the
processing may be in accordance with various information
corresponding to a customer order. For example, this cus-
tomer order information may include customer selection of
gift wrapping with an order (e.g., may result in processing of
items in that order via a gift-wrapping module), customer
selection of expedited shipping (e.g., may result in different
order handling), customer status with respect to a loyalty
program (e.g., may result in variations in order fulfillment).
As another example, customer selection of a group of various
items within a single customer order may in some cases result
in processing via one or more modules that facilitate combin-
ing multiple parts into a single shipment.

Example Processing Module

As mentioned above, particular configurations of auto-box
processing modules may be used in embodiments of the
present disclosure to provide flexibility in item/order han-
dling capabilities (e.g., through simultaneous handling of
both single-item and multi-item orders) while providing for
high throughput, continuous flow processing via the use of
automated package assembly and optimized processing mod-
ule line design. Examples of these flexible auto-box process-
ing modules are illustrated in FIGS. 9 and 10. As discussed
above with respect to the general design principles employed
in various embodiments of the present disclosure, these
exemplary flexible auto-box modules are modular in design,
and may interface to router module 422 and shipping modules
424 via one or more standardized interface (e.g., physical
conveyer interface, data interface, power interface) in orderto
ensure expandability and configurability within processing
area 420. In some embodiments, the flexible auto-box mod-
ules may alternately interface to one or more modules other
than router module 422 and shipping module 242. For
example, in some cases, it may be beneficial to configure one
or more modular, flexible auto-box modules as receiving
items from another processing module, such as multi-item
material handling system modules 426q (e.g., in a serial pro-
cessing arrangement). In other implementations, it may be
beneficial to configure one or more modular, flexible auto-
box modules as receiving items from pick agents, from cross-
shipment from other fulfillment centers, etc.

Turning now to FIG. 9, flexible auto-box processing mod-
ule 900 may include receiving station 910, pre-packaging
station 920, inspection station 930, packaging station 940,
and pre-ship station 950, which may be coupled by one or
more conveyance mechanisms (e.g., conveyor belts, tracked
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or untracked vehicles, other robotic means) for transporting
various inventory items for processing and packaging. Refer-
ring also to FIG. 10, processing module 900 may accomplish
processing tasks by initially receiving one or more inventory
items that are to be processed for shipment (1002) at receiving
station 910. The received inventory items may be routed to
receiving station 910 by router module 422 (see FIG. 4).

In the embodiment depicted in FIG. 9, receiving station
910 is configured to concurrently handle inventory items
corresponding to single-item orders as well as inventory
items corresponding to multi-item orders. To this end, the
depicted embodiment includes receiving station 910 having
both a single-item order conveyance mechanism and a multi-
item order conveyance mechanism. The multi-item order
conveyance mechanism may include sorting station 912 for
collecting and sorting various inventory items corresponding
to a multi-item order. As noted above, these various inventory
items may be delivered to receiving station 910 within mul-
tiple, separate batches and/or streams of materials. Therefore,
the various inventory items of a single multi-item order may
arrive at receiving station 910 at varying times. Thus, sorting
station 912 may accomplish collection and sorting of received
inventory items into groups corresponding to a particular
multi-item order by employing techniques such as those
described above with respect to sorting station 152, as
depicted in FIG. 5. Once completed, these collected groups of
inventory items corresponding to a multi-item order may be
transported to pre-packaging station 920. In various embodi-
ments, sorting station 912 may include manual and/or auto-
mated techniques for accomplishing the sorting. For
example, scanning devices such as bar code readers, QR code
readers, and RFID devices may be used to identity particular
inventory items in an automated manner. Vision-based rec-
ognition systems may in some cases also be employed.

Item routing instructions may be provided to receiving
station 910 and sorting station 912 by, for example, router
module 422. Embodiments of processing module 900 may
employ different technologies during single item order con-
veyance and multi-item order conveyance. As one example, a
present embodiment may deliver single item order materials
via conveyance receptacles non-linearly conveyed on one or
more conveyor belts, and may deliver grouped items corre-
sponding to multi-item orders via, for example, tracked or
untracked carts that may be automated or manually moved.

As sorting and grouping of inventory items at sorting sta-
tion 912 may necessarily create some processing-related cost
to all materials that pass through sorting station 912 (e.g., due
to overhead required to identify, determine whether to re-bin,
and/or divert materials as part of the sorting operation), the
efficiency with which items corresponding to single-item
orders may be processed may be maximized by including one
or more single item order conveyance mechanisms traversing
receiving station 910 by entirely bypassing sorting station
912 when delivering items to pre-packaging station 920. Such
a material flow architecture not only minimizes delays in
delivering single-item order materials, but also reduces the
load imposed on the multi-item order conveyance mechanism
by removing the need for that conveyance mechanism to
support single-item order traffic.

The items received at pre-packaging station 920 may be
subject to pre-packaging operations (1004) to produce a pre-
packaged unit that facilitates automated packaging opera-
tions. These pre-packaging operations may provide the capa-
bility of processing module 900 to concurrently service more
than one type of shipped item/order. A constraint that may
exist with respect to automated packaging provided by pack-
aging station 940 may be the need to limit number of different



US 9,409,664 B1

15

package dimensions that may be concurrently supported, in
order to allow efficient automated packaging construction.
For example, the highest throughput may in some cases be
achieved if all concurrently serviced configurations of pack-
aged orders have the same exterior packaging dimensions
(e.g., the automated process in packaging station 940 building
the same box for each of the concurrently serviced configu-
rations). In some cases, reconfiguring the exterior packaging
dimensions is possible, but may require a shutdown of the
process. For example, in some embodiments packaging sta-
tion 940 may be able to support multiple sets of exterior
packaging dimensions, but may be able to support only one at
a time. Thus, an exemplary packaging station 940 may be
configurable to support any one of exterior packaging dimen-
sions A, B, C, and D, but a change from supporting packaging
dimension A (only) may require a reconfiguration that results
in supporting only dimension B.

Such commonality of exterior packaging dimension may
be supported by assembling pre-packaged units that may
include various different items (and in some cases including
differing numbers of items), but that produce various pre-
packaged units that are each compatible with the same auto-
assembled packaging. These prepackaged units may in some
cases be automatically built around pre-packaged units
(1008) at packaging station 940 (e.g., using high-speed wrap-
around cartoning equipment). Compatible pre-packaged
units may be achieved by use of different configurations of
pre-packaging substrates (e.g., trays, bases, or other configu-
ration of packaging fixture) to which the varying inventory
items are fixed. Varying geometries of such packaging sub-
strates may be used in some cases to accommodate different
inventory items, or combinations of inventory items. In other
cases, the same configuration of substrate may be used for
different inventory items (or combinations of inventory
items), and different configurations of auxiliary packing
material may be used to ensure compatibility with a common
size of auto-assembled external packaging. The pre-packag-
ing operations may be accomplished in various embodiments
by manual and/or automated processes.

In some embodiments, the inventory items included in the
pre-packaged unit may be retained together, and in some
cases may be securely fixed to the packaging substrates by
positive mechanical means, such as by shrink wrapping.
Other embodiments may employ substrates having suitable
geometry and compliance to provide, for example, an infer-
ence fit with the included inventory items. Substrates may
also employ mechanical means for securing the pre-packaged
unit to the outer packaging that is assembled in packaging
station 940. For example, some substrates may have features
(e.g., tabs or slots) that provide an interference fit to corre-
sponding features (e.g., matching slots or tabs) in the auto-
assembled outer packaging.

It should be noted that a multi-module system may benefit
from a configuration that contains multiple processing mod-
ules 900, such that at least some of the processing modules
900 are configured to support different packaged unit sizes
(e.g., based on different external packaging sizes). In such a
way, a router module or other entity that feeds processing
modules 900 may be able route a wide variety of items and
order configurations (e.g., corresponding to multiple external
packaging sizes).

Various embodiments of the present disclosure include
inspection station 930 for performing inspection operations
(1006) on the pre-packaged units, prior to auto-assembly of
packaging at packaging station 940. These inspection opera-
tions may verify that the outer dimension of the pre-packaged
unit conform to specifications required for successful auto-
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assembly of external packaging at packaging station 940. For
example, errors in the production of a pre-packaged unit may
result in included inventory items being improperly oriented
with respect to the substrate, and thus resulting in a pre-
packaged unit of non-conforming dimension (e.g., an item
may be incorrectly shrink wrapped to the substrate such that
the outer dimension violate an envelope for the auto-as-
sembled outer packaging). Inspection may in some cases be
performed by using automated systems, such as vision sys-
tems employing a set of cameras. Other conventional meth-
ods of detecting object dimensions (e.g., photoelectric sen-
sors, mechanical sensors) may also be used. In some
embodiments, units detected as being non-conforming may
be diverted to rework station 960 for rework or, if rework is
not practical, recycling or scrapping.

Other verification steps may be performed in some cases at
inspection station 930. For example, items may be weighed to
verify that the aggregate weight of a pre-packaged unit cor-
responds to an expected weight (e.g., based on the known
weights of the intended inventory items and the substrate) as
a check to ensure accurate order fulfillment.

Various automatic cartoning technology that may be used
at packaging station 940 in certain embodiments may require
that specific pre-packaged unit alignment criteria be met (e.g.,
precise placement and/or orientation at entry to the automatic
cartoning systems). In such cases, alignment steps may be
performed at one or more of various appropriate locations,
such as upon entry to packaging station 940 (e.g., precise
alignment immediately prior to entry into an automatic car-
toning machine), preceding exit from inspection station 930
(e.g., precise alignment performed as the end of inspection),
and/or at entry into inspection station 930 (e.g., precise align-
ment prior to inspection). Various alignment steps may also
be performed at various other portions of processing module
900 (e.g., at pre-packaging station 920, receiving station
910).

In some embodiments, pre-shipping operations may be
performed (1014) at pre-ship station 950 to accomplish vari-
ous post-packaging tasks that may be optimally performed
prior to sending the packaged unit to a shipping dock or
shipping module. For example, in some embodiments, pro-
cessing module 900 may include pre-ship station 950 that is
configured to add appropriate shipping labels to a packaged
unit, perform final quality assurance operations, and/or select
appropriate shipping module from a plurality of possible
shipping modules based on, for example, the dimensions of
the package unit, requested shipping methods, priority of the
associated order, and/or various other criteria. An example of
apre-shipment module is depicted in FIG. 11, and a flowchart
is presented in FIG. 12, which are each discussed in detail
below. Various embodiments may include a pre-shipment
module that is not part of processing module 900, but is
instead a standalone module. Other embodiments may not
include a pre-shipment module, and may instead place the
various functionality described herein in a shipping module
that prepares packages for final shipment (e.g., palletizing,
loading), and/or at various other modules. Other embodi-
ments may not provide the discussed functionality.

In some embodiments, additional verification and/or qual-
ity assurance steps may be performed at various other sta-
tions, such as receiving station 910, pre-packaging station
920, packaging station 940, and/or pre-ship station 950
instead of, or in addition to the above-discussed verification
steps that may be performed at inspection station 930. For
example, it may be desirable to verify that a shipping label is
properly readable at pre-ship station 950, just prior to ship-
ping. Performance of dimensional and/or weight verification
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may, in certain cases, be desirable at various ones of the
different areas of processing module 900. In some cases,
these additional verification and/or quality assurance steps
may result in non-conforming units found at one or more of
the various other stations being diverted for rework (e.g. at
rework station 960), recycling, or scrapping.

Example Pre-Shipping Processing Module

Turning now to FIGS. 11 and 12, an exemplary pre-ship-
ment module 1100 that may be implemented as, for example,
a component of processing module 900 or as a stand-alone
module is depicted. As shown, pre-shipment module 1100
may include various sections providing various functionality,
such as alignment section 1110, package verification section
1120, labeling section 1130, post-labeling inspection section
1140, and routing section 1150. Other embodiments may
include some subset of these sections, and/or additional func-
tionality that may be beneficially performed subsequent to
packaging, and prior to shipping.

As shown inthe layout of FIG. 11 and the flow chart of FIG.
12, alignment section 1110 may serve to properly orient pack-
aged units (1202) in preparation for traversal through other
sections of pre-shipment module 1100. In embodiments in
which pre-shipment module 1100 conveys packaged units
using belt conveyor-type mechanisms, diagonally-oriented
(with respect to belt direction) guides and diagonal rollers are
examples of conventional methods that are well suited for
implementation in pre-shipment module 1100.

Package verification section 1120 may receive conveyed
packaged units from alignment section 1110, and verify
parameters of the packaged units (1204). Similar to the veri-
fication steps discussed above with respect to inspection sta-
tion 930 of processing module 900, package verification sec-
tion 1120 may ensure that packaged units are not of non-
conforming size prior to introduction to automated processes
oflabeling section 1130. In certain instances, oversized pack-
ages may cause damage various automated processing equip-
ment. In order to avoid such damage, packaged units found to
be non-conforming may be removed (e.g., diverted to rework
section 1150) using systems such as, for example, wheel
diverters, shoe sorters, and pick-and-place devices.

Packaged units that are not removed at package verification
section 1120 may proceed to labeling section 1130 to receive
labeling (e.g., shipping labels), as well as other processing
that my be required for shipping (e.g., regulatory documen-
tation). Throughput of pre-shipment module 1100 may be
optimized by applying labels to packaged units as they are
conveyed through pre-shipment module 1100, without
requiring the packaged units to alter the speed of conveyance,
or to stop (1206).

Referring also to FIG. 13, one method for such in-motion
label application is presented. At 1302, a location, speed, and
size of a moving packaged unit may be determined based on,
for example, sensors and stored data. For example, a location
may be known based on sensor information, such a signal
from a photo detector or a mechanical switch. A speed may be
determined based on a known speed of the conveyance
mechanism, or alternately based on additional sensor mea-
surements. Dimensions may be known based on stored data
(e.g., matching stored data with a barcode identification of the
packaged unit), or by measurement of the moving package
(e.g., using cameras, detectors, or mechanical sensors). With
this information, a delay time for actuating a label application
device may be calculated (or obtained from a table).

For example, consider a case in which packages of varying
heights are conveyed on a flat belt conveyor, and in which a
shipping label application device includes an application arm
that actuates from top-down to place a label on the top surface
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of'amoving packaged unit. A horizontal distance of the pack-
aged unit from the application arm (measured location of the
moving packaged unit), a horizontal rate of travel of the
moving packaged unit, a known (or commanded) vertical rate
of travel of the actuation arm, and a vertical distance for the
actuation arm to travel to contact the packaged unit (calcu-
lated from the height of the packaged unit and the original
height of the application arm) may each be determined. Thus,
sufficient information is available to calculate a delay time for
the label application actuation arm to successfully apply the
label to the moving packaged unit (1306).

Ahead of the actuation, a label may be made ready (1304)
(e.g., printed, retrieved), and if a successful acknowledgment
of'the label being ready is not received, the moving packaged
unit may be stopped to allow sufficient time for application of
the label. If the label has timely been made ready, the label
application arm may be actuated at the determined delay time
to apply the label to the moving packaged units (1308). Mul-
tiple application arms may be placed serially in order to
support higher throughput speeds. For example, if four label
application arms are located on a single conveyance mecha-
nism, each arm may only be required to label every fourth
packaged unit on the conveyance mechanism. Accordingly,
the conveyance mechanism could be run at a higher velocity,
or alternately with a higher placement density of packaged
units on the conveyance mechanism.

Referring again to FIG. 11, post-labeling inspection sec-
tion 1140 may in some embodiments provide for verification
(e.g., using automated processes such as vision-based inspec-
tion systems, manual inspection processes, or other inspec-
tion means) of various aspects, such as, for example, proper
printing and application of labeling to the packaged units. In
some cases, not conforming packaged units may be diverted
to rework section 1160, or to recycling or scrap.

Returning now to FIG. 12, at 1208 the packaged units may
be routed to a particular shipping path, which may be selected
from a plurality of shipping paths. For example, routing sec-
tion 1150 may be configured to select one of four possible
shipping modules for a particular packaged unit, based at
least in part on information relating to that unit. In one
example, the four shipping modules may correspond to four
different package thickness thresholds, each corresponding
to a different shipping mode (e.g., letters, flat packages, small
packages, large packages). In another example, one or several
of'the shipping modules may correspond to different shipping
priorities (e.g., next-day deliver, three day delivery, standard
ground). In various embodiments, the routing decision may
be made based on information measured from the packaged
units (e.g., heights, weights). In some embodiment, the rout-
ing decisions may be based on information stored (e.g., at a
database), or based on directions from a central server of the
fulfillment center. Routing may be accomplished via the use
of'systems such as, for example, wheel diverters, shoe sorters,
and pick-and-place devices.

Throughout the various layouts discussed herein, it should
be appreciated that in certain cases it may be beneficial from
a material flow perspective to include buffer zones that may
allow accumulation of work-in-progress pieces. Such buffer
zones may mitigate problems that may arise when throughput
mismatches temporarily arise between neighboring work
centers. For example, it may be very advantageous to include
buffer zones between packaging station 940 and pre-ship
station 950 to accommodate possible temporary mismatches
in throughput.

Tlustrative System

In at least some embodiments, a system that implements

one or more components of modular materials handling sys-
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tem that implements the techniques described herein may
include a general-purpose computer system that includes oris
configured to access one or more computer-accessible media,
such as computer system 800 illustrated in FIG. 8. In the
illustrated embodiment, computer system 800 includes one or
more processors 810 coupled to a system memory 820 via an
input/output (I/O) interface 830. Computer system 800 fur-
ther includes a network interface 840 coupled to I/O interface
830.

In various embodiments, computer system 800 may be a
uniprocessor system including one processor 810, or a mul-
tiprocessor system including several processors 810 (e.g.,
two, four, eight, or another suitable number). Processors 810
may be any suitable processors capable of executing instruc-
tions. For example, in various embodiments, processors 810
may be general-purpose or embedded processors implement-
ing any of a variety of instruction set architectures (ISAs),
such as the x86, PowerPC, SPARC, or MIPS ISAs, or any
other suitable ISA. In multiprocessor systems, each of pro-
cessors 810 may commonly, but not necessarily, implement
the same ISA.

System memory 820 may be configured to store instruc-
tions and data accessible by processor(s) 810. In various
embodiments, system memory 820 may be implemented
using any suitable memory technology, such as static random
access memory (SRAM), synchronous dynamic RAM
(SDRAM), nonvolatile/Flash-type memory, or any other type
of memory. In the illustrated embodiment, program instruc-
tions and data implementing desired functions, such as those
methods and techniques described above for a control system
in a robotic induction technique and/or in a non-linear, unit-
level materials handling system that implements the robotic
induction technique, are shown stored within system memory
820 as code 825 and data 826.

In at least some embodiments, 1/O interface 830 may be
configured to coordinate 1/O traffic between processor 810,
system memory 820, and any peripheral devices in the device,
including network interface 840 or other peripheral inter-
faces. In some embodiments, I/O interface 830 may perform
any necessary protocol, timing or other data transformations
to convert data signals from one component (e.g., system
memory 820) into a format suitable for use by another com-
ponent (e.g., processor 810). In some embodiments, I/O inter-
face 830 may include support for devices attached through
various types of peripheral buses, such as a variant of the
Peripheral Component Interconnect (PCI) bus standard or the
Universal Serial Bus (USB) standard, for example. In some
embodiments, the function of I/O interface 830 may be split
into two or more separate components, such as a north bridge
and a south bridge, for example. Also, in some embodiments
some or all of the functionality of /O interface 830, such as an
interface to system memory 820, may be incorporated
directly into processor 810.

Network interface 840 may be configured to allow data to
be exchanged between computer system 800 and other
devices attached to a network 800, such as other computer
systems, communications devices, control mechanisms,
readers, scanners and so on that are components of a robotic
induction technique and/or of a non-linear, unit-level materi-
als handling system that implements the robotic induction
technique. The communications channels may include, but
are not limited to conventional and mobile telephone and text
messaging communications channels. Network interface 840
may commonly support one or more wireless networking
protocols (e.g., Wi-FI/IEEE 802.11, or another wireless net-
working standard). However, in various embodiments, net-
work interface 840 may support communication via any suit-
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able wired or wireless general data networks, such as other
types of Ethernet network, for example. Additionally, net-
work interface 840 may support communication via telecom-
munications/telephony networks such as analog voice net-
works or digital fiber communications networks, via storage
area networks such as Fibre Channel SANs, or via any other
suitable type of network and/or protocol.

In some embodiments, system memory 820 may be one
embodiment of a computer-accessible medium configured to
store program instructions and data as described above for
FIGS. 1 through 7 for implementing a control system for, or
possibly other components of, modular material handling in a
fulfillment center. However, in other embodiments, program
instructions and/or data may be received, sent or stored upon
different types of computer-accessible media. Generally
speaking, a computer-accessible medium may include stor-
age media or memory media such as magnetic or optical
media, e.g., disk or DVD/CD coupled to computer system
800 via I/O interface 830. A computer-accessible medium
may also include any volatile or non-volatile media such as
RAM (e.g. SDRAM, DDR SDRAM, RDRAM, SRAM, etc.),
ROM, etc, that may be included in some embodiments of
computer system 800 as system memory 820 or another type
of memory. Further, a computer-accessible medium may
include transmission media or signals such as electrical, elec-
tromagnetic, or digital signals, conveyed via a communica-
tion medium such as a network and/or a wireless link, such as
may be implemented via network interface 840.

Various embodiments may further include receiving, send-
ing or storing instructions and/or data implemented in accor-
dance with the foregoing description upon a computer-acces-
sible medium. Generally speaking, a computer-accessible
medium may include storage media or memory media such as
magnetic or optical media, e.g., disk or DVD/CD-ROM, vola-
tile or non-volatile media such as RAM (e.g. SDRAM, DDR,
RDRAM, SRAM, etc.), ROM, etc., as well as transmission
media or signals such as electrical, electromagnetic, or digital
signals, conveyed via a communication medium such as net-
work and/or a wireless link.

The various methods as illustrated in the Figures and
described herein represent exemplary embodiments of meth-
ods. The methods may be implemented in software, hard-
ware, or a combination thereof. The order of method may be
changed, and various elements may be added, reordered,
combined, omitted, modified, etc.

Various modifications and changes may be made as would
be obvious to a person skilled in the art having the benefit of
this disclosure. It is intended that the invention embrace all
such modifications and changes and, accordingly, the above
description to be regarded in an illustrative rather than a
restrictive sense.

What is claimed is:

1. An order-processing module, comprising:

areceiving station configured to receive one or more inven-
tory items that are to be processed for shipment;

a pre-packaging station configured to receive the one or
more inventory items from the receiving station and to
perform pre-packaging operations to produce a pre-
packaged unit, wherein the pre-packaging operations
include disposing the one or more inventory items onto
a pre-packaging substrate, and wherein the pre-pack-
aged unit includes the one or more inventory items and
the pre-packaging substrate;

an inspection station configured to receive the pre-pack-
aged unit from the pre-packaging station and to perform
automated inspection operations that include verifica-
tion that one or more dimensions of the pre-packaged
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unit conform to specifications required for successful
automated construction of outer packaging around the
pre-packaged unit;

apackaging station configured to receive the pre-packaged
unit from the inspection station and to perform packag-
ing operations to produce a particular packaged unit,
wherein the packaging operations include automated
construction of carton-based outer packaging around the
pre-packaged unit while the pre-packaged unit is within
the carton-based outer packaging, and wherein the par-
ticular packaged unit includes the one or more inventory
items, the pre-packaging substrate, and the outer pack-
aging;

wherein the order-processing module is configured to:

produce various packaged units conforming to a particular
size, wherein the various packaged units comprise the
particular packaged unit and at least one other packaged
unit that includes a different item from the one or more
inventory items of the particular packaged unit; and

facilitate conveyance of the various packaged units to a
shipping module.

2. The order-processing module of claim 1, wherein the
order-processing module is reconfigurable to produce other
packaged units conforming to a size that is different from the
particular size of the particular packaged unit.

3. The order-processing module of claim 1,

wherein the one or more inventory items included in the
particular packaged unit is a single inventory item; and

wherein the at least one other packaged unit includes at
least two inventory items.

4. The order-processing module of claim 1, wherein the

receiving station includes:

a sorting station that is configured to receive and group
inventory items corresponding to multi-item orders, and
to convey the grouped inventory items to the pre-pack-
aging station; and

a single-order conveyance mechanism that is configured
receive inventory items corresponding to single-item
orders, and to convey the received inventory items to the
pre-packaging station without conveying the received
inventory items to the sorting station.

5. The order-processing module of claim 1, wherein the

pre-packaging operations further include:

affixing an identification label to the pre-packaging sub-
strate; and

securing the one or more inventory items to the pre-pack-
aging substrate.

6. The order-processing module of claim 1,

wherein the automatically verifying the one or more
dimensions is performed using a vision-based system;
and

wherein the inspection operations further comprise verify-
ing that an identification label is readable.

7. The order-processing module of claim 1, wherein the

order-processing module is further configured to:

divert the pre-packaged unit for further processing in
response to determining that the inspection operations
detect a defect condition.

8. The order-processing module of claim 1, further com-

prising:

a pre-shipping station configured to:
receive the particular packaged unit from the packaging

station;
add a shipping label to the particular packaged unit; and
perform one or more quality assurance operations using
the particular packaged unit.
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9. The order-processing module of claim 8, wherein the
pre-shipping station is further configured to:

select a particular shipping module from a plurality of
shipping modules for conveyance of the particular pack-
aged unit, based at least in part on information associ-
ated with the particular packaged unit.

10. An order-processing module, comprising:

areceiving station configured to receive one or more inven-
tory items;

a pre-packaging station configured to receive the one or
more inventory items from the receiving station and to
perform pre-packaging operations on the one or more
inventory items to produce a pre-packaged unit;

an inspection station configured to receive the pre-pack-
aged unit from the pre-packaging station and to perform
automated inspection operations that include verifica-
tion that one or more dimensions of the pre-packaged
unit conform to specifications required for successful
automated construction of outer packaging around the
pre-packaged unit; and

a packaging station configured to receive the pre-packaged
unit from the inspection station and to perform packag-
ing operations to produce a particular packaged unit,
wherein the packaging operations include automated
construction of carton-based outer packaging around the
pre-packaged unit while the pre-packaged unit is within
the carton-based outer packaging;

wherein the order-processing module is configured to pro-
duce a plurality of types of packaged units conforming
to a particular size, wherein the plurality of types com-
prises a type corresponding to the particular packaged
unit, and a type corresponding to at least one other
packaged unit that includes a different item from the one
or more inventory items of the particular packaged unit.

11. The order-processing module of claim 10, wherein the
pre-packaging operations further include:

affixing an identification label to a carrier, wherein the
identification label corresponds to an order associated
with the one or more inventory items; and

securing the one or more inventory items to the carrier
using a shrink wrapping process;

wherein the pre-packaged unit includes the one or more
inventory items and the carrier.

12. The order-processing module of claim 10, wherein the
receiving the one or more inventory items at the receiving
station includes:

receiving a plurality of inventory items corresponding to a
particular multi-item order, wherein at least two of the
plurality of inventory items are received at different
times;

grouping the plurality of inventory items corresponding to
the particular multi-item order in a conveyance recep-
tacle; and

conveying the particular conveyance receptacle to the pre-
packaging station after each of the plurality of inventory
items corresponding to the particular multi-item order
have been received and grouped.

13. The order-processing module of claim 10, wherein the
verification that one or more dimensions of the pre-packaged
unit conform to specifications required for successful auto-
mated construction of outer packaging is performed using a
vision-based system that comprises a set of cameras.

14. The order-processing module of claim 10, further com-
prising:

a pre-shipping station configured to:

receive the particular packaged unit from the packaging
station;
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add a shipping label to the particular packaged unit; and
perform one or more quality assurance operations using
the particular packaged unit, wherein the quality
assurance operations include verifying weight of the
particular packaged unit and verifying that the ship-
ping label conforms to specifications.
15. The order-processing module of claim 14, wherein the
pre-shipping station is further configured to:
facilitate conveyance of the particular packaged unit to a
particular shipping module, wherein the particular ship-
ping module is selected based at least in part on infor-
mation associated with the particular packaged unit.
16. The order-processing module of claim 15, wherein the
particular shipping module is selected further based on infor-
mation received by the order-processing module from a ful-
fillment center central server.
17. A method, comprising:
receiving one or more inventory items at a receiving station
of an order-processing module in an order fulfillment
center;
performing pre-processing operations at a pre-packaging
station of the order-processing module, wherein the pre-
processing operations produce a pre-packaged unit that
includes a pre-packaging substrate and the one or more
inventory items, and wherein the pre-packaged unit cor-
responds to a particular order;
performing automated inspection operations at an inspec-
tion station of the order fulfillment center prior to per-
forming packaging operations, wherein the inspection
operations include verifying that dimensions of the pre-
packaged unit conform to requirements associated with
packaging operations performed at a packaging station;
and
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performing the packaging operations, at the packaging sta-

tion of the order-processing module, to produce a par-
ticular packaged unit, wherein the packaging operations
include automatically constructing carton-based outer
packaging around the pre-packaged unit while the pre-
packaged unit is within the carton-based outer packag-
ing, and wherein the particular packaged unit includes
the one or more inventory items, the pre-packaging sub-
strate, and the outer packaging;

wherein the order-processing module is configured to:
produce various packaged units conforming to a particular

size, wherein the various packaged units comprise the
particular packaged unit and at least one other packaged
unit that includes a different item from the one or more
inventory items of the particular packaged unit; and
facilitate conveyance of the various packaged units to a
shipping module in the order fulfillment center.

18. The method of claim 17, wherein said performing
automated inspection operations at the inspection station of
the order fulfillment center prior to the performing the pack-
aging operations includes

determining, based on the verifying, whether to divert the

pre-packaged unit for further processing prior to con-
veying the pre-packaged unit to the packaging unit.

19. The method of claim 17, further comprising:
selecting a particular shipping module from a plurality of

shipping modules in the order fulfillment center for con-
veyance of the particular packaged unit, based at least in
part on information associated with the particular pack-
aged unit.



